Connexin (Cx) 36 is known to be a component of gap junctions, and has been suggested to play an important role in epilepsy. In order to determine dynamic changes of Cx36 protein expression in epilepsy and investigate the role of Cx36 in electroencephalographic activity and pathogenesis, we utilized kainic acid (KA) to induce epileptogenesis. We found that epileptic discharges began 71.8 ± 23.7 s after KA administration. Spike frequency and amplitude of epileptiform activity reached maximal levels at 30 ± 5.2 min. The maximum level of spike frequency and amplitude of epileptiform activity was 13.9 ± 0.3 Hz and 198 ± 14.3mV respectively. Employing Western blotting and immunohistochemistry, we demonstrated that hippocampal Cx36 protein expression was significantly increased 6 h after KA kindling compared to control or sham groups, but decreased in 3 d and 7 d groups. Our results suggested that the dynamic change of Cx36 expression may play an important role in epilepsy, and the specific manipulation of Cx36 expression may be a potential target for the treatment of epilepsy.
Introduction
Epilepsy is one of the most prevalent neurological disorders worldwide, with an increasing incidence annually [1] , affecting 1% to 3% of the population worldwide [2] . It has been reported that gap junction channels play an important role in epileptogenesis and epilepsy propagation [3] . The gap junction channel consists of two hemichannels, composed of six connexin (Cx) proteins [4] .
Cx36 was identified as the first Cx protein expressed predominantly in mammalian neurons, and is highly expressed in the inferior olivary complex and hippocampus, which are often areas exhibiting activity conducive of epileptic seizures [5] [6] [7] .
Indeed, hippocampal Cx36 expression has been reported to be decreased two to three weeks after kainic acid (KA) treatment [8] , while another study demonstrated that Cx36 expression is increased after partial kindling, but decreased after full kindling in epilepsy rat models [9] . However, using a 4-AP in vivo epilepsy model revealed that the expression of Cx36 protein was increased one hour after the onset of the first seizure [10, 11] . Taken together, these results imply that Cx36 may play an important role in epilepsy. However, the expression of Cx36 is controversial, and any potential role is yet to be fully elucidated.
The mechanisms of seizures in the rat model of epilepsy induced by kainic acid (KA) injection in the amygdala are well characterized [12] [13] [14] .
The development of convulsive seizures is synchronous with the electrical activity of EEG monitoring [15] . This spontaneous convulsion can be repeated, which can simulate the occurrence, transmission and maintenance of epilepsy seen in humans [16] . Therefore, the KAinduced epilepsy animal model is considered a classic animal model of epilepsy, which has been widely used in study of the pathogenesis of epilepsy and antiepileptic drugs [13, 14] .
To the best of our knowledge, our study is the first analysis to elucidate the dynamic expression of Cx36 protein in KA kindled epilepsy rats. We examined Cx36 expression, 
Materials and methods

Materials
Adult male Wistar rats (200-250g, Experimental Animal Center of Bethune Medical Department)
were used in this study, which had free access to food, water and housing at 25 ± 1 °C. 
Surgery
The animals were anesthetized with 10% chloral hydrate (3.5 mL/kg) and fixed in a stereotaxic frame with the incisor bar positioned at -3.3 mm.
The position of bilateral nuclear in right nucleus amygdala was 3.5 mm posterior to Bregma, 
Results
Electroencephalographic activities showed an epileptiform activity in kainic acid induction
Kainic acid (KA) induced an epileptiform EEG activity characterized by biphasic (positive and negative) spikes and spike-wave complexes.
The normal electrical activity of EEG recording is shown in Figure 1A Table 2 ).
Discussion
It has been previously demonstrated that
Cx36 is the first connexin protein located in neurons, more specifically, in intermediate neurons without expression in astrocytes and oligodendrocytes [5, 17] . Some studies have suggested that given Cx36 is the only preferentially expressed protein in the nervous system, which may be implicated in epilepsy [9] . In this study, we employed MAP-2 as a neuronal specific marker to determine co-expression with Cx36.
EEG recording is an important diagnostic tool in epilepsy. Spikes and sharp waves are the most important diagnostic indicators of seizures in EEG readings. We found that when seizures began, the number of abnormal discharging neurons, spikes, sharp waves, as well as other abnormal waves gradually increased, consistent with EEG recordings in other reports using kindled rats [18] . The fundamental pathogenic mechanisms of epilepsy involve the abnormal discharge of neurons [19] . Therefore, the EEG recording is the optimal method to study neuronal bioelectrical A: EEG recording shows the electrical activity of the control group before KA administration. B: EEG recording shows the electrical activity of the sham group with saline administration. C: 3 h after administration of KA, EEG recording shows the spikes and spike-wave complexes with high frequency and amplitude in the ictal period; D: 6 h after administration of KA, EEG recording also shows the spikes were during the ictal period. E: 24 h after administration of KA, EEG recording showed spikes but spike-wave complexes were rare. F: 3 d after administration of KA, EEG recording showed no spikes and spike-wave complexes; G: 7 d after administration of KA, EEG recording also showed no spikes. Table 1 . The mean ± sd value and p value of quantified data from Western blotting. activity [20] . During ictal and interictal periods, there are over-synchronized discharges in the cerebral cortex [21] . Furthermore, it has been
Group
shown that EEG recordings demonstrate that kainic acid-induced epilepsy is a useful model for epilepsy research [22] . closing of gap junction channels [29] . However, there are no commercially available antibodies specific for phosphorylated Cx36, preventing further study.
Conclusions
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